Initial observations have indicated similarities between bovine and human IGF-II production during development. The 
INTRODUCTION
Insulin-like growth factor-I (IGF-I) and IGF-II are structurally related peptides that can stimulate the proliferation and differentiation of a variety of cell types (reviewed in Humbel, 1990) . Although the function of IGF-II is not fully characterized, it has been suggested to play a central role in the regulation of tissue differentiation and fetal growth. IGF-II transcripts have been identified early in gestation in a wide variety of fetal tissues (Lund et al. 1986; Gray et al. 1987; Han et al. 1987) . Accordingly, high levels of circulating IGF-II have been detected in the fetal serum of numerous species (Moses et al. 1980; Gluckman & Butler, 1983; Ashton et al. 1985; Lassarre et al. 1991 IGF-II alíele. These observations suggest both endocrine and paracrine/autocrine modes of action for IGF-II.
The structural organization of the human and rodent IGF-II genes has been extensively described (Ueno et al. 1988; Holthuizen et al. 1990 ). In man and rat, as well as in other species, the IGF-II gene is transcribed to produce multiple mature mRNAs of different sizes (reviewed in Sussenbach, 1989) . Structural (Honneger & Humbel, 1986; Brown et al. 1990 ). More interestingly, serum concentrations of bovine IGF-II are higher in adults than in the fetus (Coxam, 1990) , which is also observed in man but not in most of the mammalian species so far studied (Daughaday & Rotwein, 1989; Mesiano et al. 1989 (Tollefsen et al. 1989 saline, then frozen and stored as described above.
DNA probes
All the probes used in this study were derived from the human IGF-II gene. Their mapping on the gene is described in Fig. 1 (Chomczynski & Sacchi, 1987 (Aviv & Leder, 1972) .
Northern blot analysis RNA samples were denatured and size-fractionated on a 1-2% agarose gel using either formaldehyde (Lehrach et al. 1977) Fig. 1 ). In these tissues, the IGF-II gene was expressed as a family of transcripts (Fig.   2 ). When RNAs were denatured with formaldehyde, seven transcripts of 5-2, 4-0, 3-4, 2-8, 2-1, 1-6 and 11 kb were detected (Fig. 2a) . The intensities of hybridization signals revealed differences in the respective amounts of these transcripts. For in¬ stance, the 28 kb mRNA was abundant in both fetal liver and muscle, whereas the 1-1 kb mRNA was poorly expressed. Larger amounts of the 5 2 and 2-1 kb transcripts were detected in muscle than in liver, whereas the 40 kb transcript seemed to be more abundant in liver. The 3-4 kb mRNA was only detected in fetal muscle. When formaldehyde was replaced by glyoxal, the same pattern of expression was obtained, with the exception of the 21 kb transcript which appeared to be composed of two mRNAs of 2-3 and 20 kb (Fig. 2b) (Fig. 4) . In this tissue, the transcripts observed during fetal life were either barely or not detectable when compared with the 4-4 kb mRNA.
This 4-4 kb mRNA was not detected in fetal liver, fetal muscle or adult muscle (Fig. 4) (Sussenbach, 1989) . In order to determine at which point in liver development this changeover takes place, Northern blot analyses were performed with total RNA samples prepared from liver biopsies of 40-and 100-day-old calves; these ages correspond to weights which are twice and three times birth weight respectively (Fig. 5) Poly(A)+ RNA (7 ug) from adult liver or muscle and total RNA (15 y.g) from fetal liver or muscle were denatured using formaldehyde and hybridized with the human coding IGF-II probe (probe d, Fig. 1 (Fig. 3) .
Analysis of homologies between bovine IGF-II transcripts and human IGF-II untranslated exons
The developmental pattern of IGF-II gene expres¬ sion in bovine tissues proved to be very similar to that observed in man. This prompted us to search for sequence similarities and structural homology between the bovine and human genes, using specific probes for several parts of the human IGF-II gene (Fig. 1) . As mentioned in the Materials and Methods, the stringency of the final wash differed from probe to probe, and this should reflect the degree of sequence similarity found between the two species for each untranslated sequence. Hybridiza¬ tion specificity was tested using total RNA from human hepatocarcinoma or adult human liver as internal controls. In addition, after hybridization with the various probes, the Northern blots were stripped and rehybridized with the IGF-II cDNA coding probe.
When Northern blots were hybridized with a probe containing exon 5 (probe b, Fig. 1 ), four bovine IGF-II transcripts (5-2, 3-4, 2-8 and 21 kb) were detected in both fetal liver and skeletal muscle (Fig. 6a, lanes 3 and 4) . In contrast, the probe containing exon 6 (probe c, Fig. 1 ) hybridized with the bovine fetal IGF-II mRNAs of 40 and 11 kb (the 11 kb transcript being barely detected in different experiments) (Fig. 6b, lanes 3 and 4) . A smear was obtained with the exon 6 probe in the presence of adult liver poly(A) mRNA (Fig. 6b , lane 2), probably due to the weak stringency of the final wash of the membrane. As previously described (de Pagter-Holthuizen et al. 1987 , probes b (exon 5) and c (exon 6) hybridized to human hepatocarcinoma controls with the human IGF-II mRNAs of 60 and 2-2 kb and 4-8 kb respectively ( Fig. 6a and b, lane 5) . Neither probe hybridized with the liver-specific bovine 4-4 kb transcript ( Fig. 6a and b, lanes 1 and 2) .
In order to determine whether, as in man, several polyadenylation signals occur on the bovine IGF-II gene, a probe for exon 9 was tested, which extended into the 3' untranslated end of the exon (probe e, Fig. 1 ). In bovine tissues, this probe revealed the mRNAs of 5-2, 4-4, 40 and 21 kb, as well as an additional 1 -4 kb transcript, which was not detected using the IGF-II cDNA coding probe ( Fig. la  and b, lanes 1, 2 and 3 ). In the control (human hepatocarcinoma), this probe recognized the human IGF-II mRNAs ending at the distal polyadenyla¬ tion site (mRNAs of 60 and 48 kb) and the 1-8 kb transcript (Fig. la, lane 4) (de Pagter-Holthuizen et al. 1988) .
As in man, adult bovine liver expresses a specific transcript. It therefore was of interest to hybridize bovine mRNAs from adult liver with a probe containing the non-coding exons 1 and 2 (probe a, Fig. 1) , which are present in the human liverspecific IGF-II transcript of 5-3 kb (Sussenbach, 1989) . Northern blots hybridized with this probe failed to give any signal in any of the bovine tissues figure 5. Northern blot analysis of IGF-II transcripts from bovine liver during development. RNA was extracted from fetal (280 days in utero), postnatal (40-and 100-day-old calves, indicated as 40 day and 100 day respectively) and adult livers. Total RNA was hybridized with the human coding IGF-II probe (probe d, Fig. 1 In both fetal bovine tissues and in adult bovine muscle, multiple mRNA species were detected, similar to the pattern observed in other mammals (Lund et (Sussenbach, 1989) . In the case of the human IGF-II gene, four different promoters (PI-P4) have been identified (Holthuizen etal. 1990 (derived from adult liver), 5-2 kb and 2-1 kb (containing exon 5) and 40 kb (containing exon 6). Apart from the result for the bovine 21 kb transcript, these findings are similar to those for man, where the same probe (probe e) recognizes the liver-specific 5-3 kb mRNA and mRNAs containing exon 5 (60 kb) and exon 6 (4-8 kb), ending at the more distal polyadenylation site. It is therefore possible that, as in man, the bovine 5-2, 4-4 and 4-0 kb transcripts contain the same polyadenylation site. The bovine 3-4 and 2-8 kb transcripts detected with the exon 5-specific probe or the 1-1 kb mRNA detected with the exon 6 probe failed to hybridize with the 3' end of human exon 9. Since these bovine transcripts were shorter, this could mean that they end at a more proximal polyadenylation site on the bovine IGF-II gene. Fig. 1 ) and (b) the coding IGF-II cDNA probe (probe d, Fig. 1) . Asterisks indicate the sizes of the human IGF-II transcripts. Exposure of the autoradiographs was for 7 days with two intensifying screens. The sizes of the transcripts were determined as for Fig. 2 . probe e only) strongly suggests homology with the 1-8 kb mRNA detected in human tissues with the same probe (de Pagter-Holthuizen et al. 1988 ). As has been suggested for the human 1-8 kb mRNA, the bovine 1-4 kb mRNA may be of physiological relevance, regulating IGF-II mRNA levels through endonucleolytic cleavage is inactive in fetal or extra-hepatic adult tissues (Sussenbach, 1989 (Lund et al. 1986 ; Rotwein & Hall, 1990 
